The American black bear (Ursus americanus) has been called a metabolic marvel 6 . In northern Minnesota, where we have conducted long-term physiological and ecological studies of this species, bears may remain in their winter dens for 6 months or more without eating, drinking, urinating or defecating and yet lose very little muscle mass 2 . We also found that hibernating black bears elicit asystolic events of over 30 seconds and experience an exaggerated respiratory sinus arrhythmia 2 . In this previous work we employed Medtronic Reveal ® XT devices that required us to visit the den and temporarily extract the bear (under anesthesia) to download the stored data. 4 Here we describe Medtronic's latest generation of Insertable Cardiac Monitor (ICM), the Reveal LINQ TM , which enables continuous transmission of data via a relay station from the den site 3 . Black bear hibernation physiology remains of high interest because of the multiple potential applications to human medicine.
Background
The American black bear (Ursus americanus) has been called a metabolic marvel 6 . In northern Minnesota, where we have conducted long-term physiological and ecological studies of this species, bears may remain in their winter dens for 6 months or more without eating, drinking, urinating or defecating and yet lose very little muscle mass 2 . We also found that hibernating black bears elicit asystolic events of over 30 seconds and experience an exaggerated respiratory sinus arrhythmia 2 . In this previous work we employed Medtronic Reveal ® XT devices that required us to visit the den and temporarily extract the bear (under anesthesia) to download the stored data. 4 Here we describe Medtronic's latest generation of Insertable Cardiac Monitor (ICM), the Reveal LINQ TM , which enables continuous transmission of data via a relay station from the den site 3 . Black bear hibernation physiology remains of high interest because of the multiple potential applications to human medicine.
ICMs have been used for nearly two decades by clinicians as a critical diagnostic tool to assess the nature of cardiac arrhythmias in humans. Such devices are primarily implanted subcutaneously to record electrocardiograms. The device size, battery life and transmission capabilities have evolved in recent years. The first devices were relatively large and a programmer was needed to retrieve information during each clinical (or in our case, den visit). These devices were programmed to capture cardiac incidents such as asystolic events, arrhythmias and tachycardias and apply algorithms that ensure proper data collection: e.g. ectopy rejection and p-wave presence algorithms.
The new generation Reveal LINQ was made to telemetrically transmit heart data from human patients, but we needed to develop a system to enable transmission from bear dens, which are remote (cannot easily be checked and adjusted) and are subject to extreme winter weather conditions. Besides the advantage of these devices transmitting data automatically, they are considerably smaller and thus less prone to rejection by the extraordinary immune system of the hibernating bear 1 .
Methods
For the past three years, we implanted Medtronic Reveal ® LINQ devices into a study group of black bears (n=18), typically in mid-December, about 2 months after they entered dens. We revisited these bears in early March, about a month before they left dens, to check their body condition and status of the ICM. Denning bears were anesthetized with an intramuscular injection of Telazol ® , and temporarily removed from the den. A small incision was made in a left peristernal location, and the device injected subcutaneously using the insertion tool packaged with the ICM. The optimal positioning was verified by ensuring that the R-wave amplitudes were at least twice the T-wave amplitudes.
Remote relay stations were setup at each bear's den ( Figure 1 ). An antenna was placed beneath the bear's natural bedding material (typically leaves or grass) within the den and this cable fed out to a weather-proof box. The box contained a relay station, two 55 amp-hour or a single 100 amp-hour battery, timer, and a cell phone module with a USB cable extension that was mounted on a tripod built from nearby saplings. A high efficiency multicrystalline solar panel was joined to the frame, facing south, to recharge the battery using a 20W solar controller. The timer turned on the relay station daily at two hour intervals to transmit the data collected on the ICM to the Medtronic CareLink® (BearLinq) network 3 . LINQ TM devices incorporated nitride ECG electrodes, thermocouples and a threshold-activated accelerometer. We modified the programming of the LINQ devices to capture additional information for the bear studies 4 , including temperature and impedance measurements. Impedance values were the average of sixteen samples taken over two-seconds prior to the sensor measurements. Temperature values were stored after each sensor measurement. These data collections were firmware triggered every four hours and also included an 8 minute R-R interval plot. A 10 second ECG sample and heart rate and activity data were transmitted every two hours. The raw data from the over-winter transmissions have been collected in a PDD format. Data processing is underway to determine novel information about heart rates, impedance values, temperatures and activities of these denning bears. Figure 2 is a sample of the type of data that we have obtained from hibernating black bears with ICM LINQ TM devices. The data revealed that this hibernating bear experienced over 57,780 cardiac pauses of over 4.5 seconds from January to April. Figure 2 . Summary report of a cardiac pause in a hibernating adult female bear obtained by a LINQ device. This pause was 5 seconds (outlined in the red box). An ECG was obtained for an additional 20 seconds after this event occurred. Figure 3 is an example of a 90-day "Cardiac Compass" of a black bear over the winter; these activities can also be timematched 3 . For instance, the average ventricular rate remained below 60 bpm. We visited the bear's den on March 5, which resulted in an increase in the ventricular heart rate. The bear's activity in the den increased in early March, but then subsided for several days, matching extreme ambient temperature fluctuations in the vicinity of the den (high of 64°F on March 14 to ~30°F's for several days afterward). In addition, this trail camera captured the emergence of a bear from its den interrupting data streaming (Figure 1)   Figure 3 . The "cardiac compass" collected telemetrically by a LINQ device over 90 days of hibernation by an adult female black bear. The heart rate blip on March 5 was due to the anesthesia used during our den visit. Figure 4 shows an ECG collected remotely from a female bear denning with her yearlings (offspring from the previous year). This ECG includes a myogram related to shivering, which bears do periodically while denning, apparently to retain muscle strength without warming the core temperature 5 , Figure 4 . Remotely-transmitted ECG of a denning female black bear, showing shivering.
Results

Interpretation
We have used ICMs in wild black bears to gain insights into their activities and physiological adaptations during an extended period of hibernation in northern Minnesota. Here we have advanced these studies by transmitting large amounts of data telemetrically, in real time, from remote den sites. We expect that these medical devices, made for human use but specifically modified for use in bears, will someday provide breakthroughs for human medicine derived through understanding the marvels of bear hibernation.
